and 9%, with independent risk factors including age, elevated creatinine, diabetes, and spinal cord injury. 5, 7 The sequelae of developing DU include pain, infection, prolonged hospitalization, and increased risk of death. 2, 8, 9 Health care costs both during the hospitalization and for posthospital care, such as nursing facility admissions or home health wound care, are also significantly increased in patients with DU.
1,2,10 DU represents a longitudinal disease process that can affect patients before, during, and after hospital admission. Flattau et al 11 identified specific predictors associated with 90-and 180-day mortality in hospitalized patients with pressure ulcers, including liver disease and hypoalbuminemia. Other studies have demonstrated the long-term poor prognosis associated with DU due to comorbid disease. 1, 4 Vascular operative patients often require several procedures or interventions in a single hospitalization, or may be relegated to mandatory bed rest during their stay. 12 Additionally, the predisposing conditions that lead to operative care in this population often indicate a globally compromised vascular supply that may increase risk of developing ulcerations. There are few studies, however, directly addressing DU in the vascular surgery population and none that assess the impact of DU in vascular patients with regard to postoperative outcomes and resource use. 7, 13, 14 The purpose of the present study was to determine whether the presence of DU increases mortality in patients undergoing major vascular procedures and to assess the impact of procedure type, DU, and comorbid conditions on outcomes, including duration of hospitalization, mortality, discharge disposition, and cost.
METHODS
Data sources. Data were abstracted from the 2009 Nationwide Inpatient Sample (NIS). The NIS is the largest Healthcare Cost and Utilization Project (HCUP) all-payer inpatient database, sponsored by the Agency for Healthcare Research and Quality (AHRQ). The NIS contains data from more than 8 million hospital discharges annually from 1,050 hospitals located in 44 States, representing 95% of all US nonfederal hospital discharges. 15 The AHRQ has developed appropriately scaled discharge weights to generate national estimates of hospitalizations from the NIS. 16 These weights help compare hospitalization rates across years despite the varying number of states participating each year.
The HCUP validates the NIS for biases by comparing it to other population-based data sets. 17 In this analysis, when more than 2% of the variables for a particular record had data missing at random, we excluded the record from computations. No imputations were performed, and datasets were reviewed for any systematically missing values and accordingly excluded from evaluation. Data reporting meets the NIS data-use agreement as established by HCUP. The NIS databases contain deidentified administrative level data and were not considered human subjects research; hence, they were exempted from review by the University of Virginia's Human Investigation Committee.
Patient selection. Only patients over 18 years of age were selected. Cases with multiple procedural codes were assigned to groups based on the first procedure code to avoid the possibility of double counting any patient record. Patients with ruptured aneurysms were excluded. Records were selected only once per any given group (based on operative procedure) and were examined with the intent to perform a comprehensive analysis of the null hypothesis.
Patient risk factors were assessed using 30 different AHRQ comorbidities developed by Elixhauser. The Elixhauser comorbidities have been shown to provide effective adjustments for mortality risk among surgical populations and have been shown to be superior to the Charlson/Deyo weighted score. Outcomes of interest. In-hospital mortality, complications, and discharge disposition after major vascular operation were our outcomes of interest. Complications were identified and limited to the hospital admission recorded ICD9-CM codes. Because the NIS contains inpatient data only, complications occurring after hospital discharge cannot be evaluated. Several ICD9-CM codes were adapted based on previously described work and were used to identify and aggregate complications into several categories, including stroke, mechanical wound healing, postoperative infection, renal, pulmonary, gastrointestinal, cardiovascular, systemic, and procedural. 19 Statistical analysis. The strength of the association between variables was examined using the appropriate hypothesis test. The significance of the differences between unadjusted proportions for categorical variables was evaluated by the Pearson v 2 test. Differences between mean values of unadjusted continuous variables were assessed using single-factor analysis of variance models.
Unadjusted risk of complications, failure to rescue defined as the occurrence of mortality after any complication, discharge disposition, and inhospital mortality across groups was calculated. Adjusted models using covariates, as described below, were included to calculate odds ratios for the response variable. Hierarchical multivariable regression models were developed to calculate the adjusted odds of an event occurring by controlling for differences in case mix, hospitalization, and administrative characteristics.
The reference variables were selected based on clinical observation. Covariable selections for our models were made a priori based on established literature. [19] [20] [21] [22] The models' predictive capacity to discriminate the response variable was measured using the area under the receiver operator characteristic curve (AUC). After excluding variables with missing values, more than 97% of the records were included in these analyses.
Model development may be error prone, and although regression modeling discriminates across parameters and identifies independent predictors associated with the response variable, accepting that the model is right (model validation) is equally important. Thus, we created randomly resampled equal split-groups from the original data set and used the derivation data set to develop models and the confirmatory data set for validation. These 2 sets of models had minimal decrement (did not change by greater than 10%). After assessing for robustness of models and stability of results, adjusted odds ratios are presented for each covariate along with their 95% confidence interval (CI). All data were analyzed using IBM SPSS software (Complex Samples 20; IBM Corp, Armonk, NY).
RESULTS
Demographics, comorbidities, and outcomes. A total of 538,808 patients were examined, of whom nearly 16,000 had DU. Comparison by procedure performed, demographics, and comorbidities is presented (Table I) . DU was more prevalent in Caucasians, men, and Medicare beneficiaries. Comorbid conditions that were more common in patients with DU included diabetes with chronic complications, neurologic disorders, obesity, paralysis, peripheral vascular disease, and renal failure. By admission characteristics, those with DU were more often admitted nonelectively, on a weekend day, or as transfers from another hospital or health care facility (Table II) .
Unadjusted mortality was 2.3-fold higher in patients with DU (2.7% vs 6.3%, P < .001, Table III) . Wound, infectious, systemic, and procedural complications were more frequent in this cohort as well. The prevalence of having 2 or more complications was 1.5 times higher in patients with DU. Additionally, patients with DU had longer mean durations of stay by nearly 10 days. Failure to rescue, defined as mortality after any complication, was also higher in these patients.
Adjusted risk of mortality. Independent predictors of mortality among patients with DU included, by descending relative contribution, paralysis, electrolyte disorder, liver disease, nonelective admission, congestive heart failure, renal failure, and increasing age (Table IV) . Weekend admission was associated with a 1.16-fold increase in risk of mortality (95% CI 1.02-1.31, P = .021).
Conversely, diabetes (with and without chronic complications), neurologic disorders, and hypertension independently reduced the adjusted odds of death. Notably, DU did not independently increase the adjusted odds of mortality. A similar analysis assessing the impact of procedure performed on mortality demonstrated that carotid artery stent placement was associated with an increase in the adjusted odds of mortality, while endovascular peripheral artery stent placement was associated with a reduced risk (Table V) .
Adjusted risk of developing any complication. The adjusted odds of developing any complication during hospitalization for patients with DU were increased by the presence of chronic pulmonary disease, paralysis, congestive heart failure, electrolyte disorder, and nonelective admission, female sex, and increasing age. Diabetes (with and without chronic complications), renal failure, valvular heart disease, hypertension, collagen vascular disease, and liver disease reduced the adjusted odds of developing any complication (Table IV) . Both open and endovascular abdominal aneurysm repair increased the adjusted risk of developing any complication, as did femoraldistal arterial stent placement to a lesser extent (Table V) . Discharge disposition. Patient disposition was significantly affected by the presence of DU (Table VI) . For patients with DU, the independent likelihood of discharge to a skilled nursing facility was increased 3-fold. In patients with DU who were admitted from a non-health care center for an elective operation, the independent likelihood of discharge to a skilled nursing facility was increased 12-fold.
Total hospital charges. Assessment of total hospital charges revealed significantly higher charges associated with presence of DU, at $128,997 ± $1,222 compared to $78,454 ± $139 for patients without DU. Component charges were not available to identify the highest cost aspects of care. When assessed by type of procedure performed, patients with DU accrued higher total hospital charges for every vascular procedure performed.
DISCUSSION
Patients with DU are at risk for poorer outcomes and increased costs associated with hospitalizations. 1, 4, 23 This has not been assessed, however, in the vascular surgery patient population. Many procedures these patients undergo may limit mobility either as a result of the primary procedure (eg, amputation) or during recovery, which can precipitate or worsen ulcers. Additionally, the comorbid conditions prevalent in this cohort increase the risk of complications and mortality. 2, 11 To this end, the current study is the first to our knowledge that examines this association and found that there was no association between the presence of ulcers and in-hospital mortality, although resource utilization is greater.
While these data confirm our presupposition that patients undergoing vascular operation with DU have nearly twice the mortality rate as patients without ulcers, when adjusted for several other patient factors, DU was no longer a significant predictor of mortality in this national cohort proceeding with operative intervention. Additionally, DU was not associated with an increased risk of any complications after adjustment. Rather, DU serves Reference, Home ± services; AOR, adjusted odds ratios.
as a marker of increased comorbid disease, which results in high morbidity and mortality in these chronically ill patients but does not independently increase the risk of death. Vascular surgery patients likely have a higher rate of DU than other hospitalized patients given systemic cardiovascular disease with associated perfusion deficits. As a result, DU is an important comorbidity that vascular surgeons need to consider prior to undertaking semielective operations. Several important risk factors were seen in these patients, including comorbid disease as well as social and economic elements. Patients with DU were significantly more likely to have Medicare or Medicaid as the primary payor with half the rate of private insurance. Furthermore, when assessing admission source, DU patients were almost 3 times more likely to be transferred from another acute care hospital or other health care facility. These social factors have been previously demonstrated to have a major impact on outcomes.
20,22
While mortality is not increased in these patients, the duration of hospitalization and the rate of discharge to other health care facilities is higher, which in turn leads to much higher health care utilization in this population. These data demonstrate an average cost increase of $50,000 between patients with and without DU admitted for vascular operation procedures. These differences were driven by significantly higher complication rates in all categories, including wound, infectious, renal, gastrointestinal, procedural, cardiovascular, neurologic, and pulmonary. Additionally, patients with DU had a higher total number of complications and almost 3 times longer hospital duration of stay. Finally, patients with DU were over 3 times as likely to discharge to another health care facility resulting in significantly higher health care resource utilization.
Importantly, these data demonstrate that nonelective procedures should not be delayed or denied based on concerns for increased mortality. This study suggests, however, that elective procedures, which can be delayed, should be in order to optimize patients preoperatively. Realizing the impact that the presence of DU has in patients with regard to mortality, complications, and cost can aid vascular surgeons in preoperative planning and optimization. While many admissions in the present study were emergency and therefore may not allow adequate time for preoperative measures, awareness of risk is critical in perioperative planning and patient counseling.
The limitations of this study include the retrospective nature of the study resulting in association but an inability to establish causality. The NIS is a large administrative database providing a large sample size with limited clinical granularity and no details on treatment intention. Additionally, we were unable to ascertain if ulcers were present preor postoperatively, which may represent 2 distinct populations of patients. Finally, this is a 30,000-foot view and evaluates a variety of academic and community settings of various sizes and may not be directly translatable to individual centers.
In conclusion, the present data dispel the myth that patients with DU suffer higher mortality as a consequence of undergoing vascular operations. This suggests that the presence of an ulcer should not preclude vascular operations, as there is no detectable relationship with death in patients who proceed to operative intervention. The presence of a DU, however, represents an important risk factor for a poor outcome requiring careful planning and resource allocation to provide optimal outcomes. Finally, DU in the vascular surgery population may represent a disproportionate increase in health care resource utilization.
